Abstract-The capacitive power transfer (CPT) system and inductively power transfer (IPT) system are the two typical wireless power transfer systems. Based on the power transfer characteristics, the power transfer capacity of the two wireless power transfer systems were analyzed. Firstly, the maximum power transfer capacity and its existing condition of the two wireless power transfer systems were analyzed, and the choose gist of wireless power transfer system was presented according to the analysis result; then, the mutual inductance of 4 typical IPT systems was optimized for achieving maximum power transfer; finally, the theoretical research was justified via a simulation and experiment.
I. INTRODUCTION
After nearly 20 years of development, the wireless power transfer (WPT) technology has got great research and application in related fields [1] [2] [3] [4] [5] [6] 。According to the difference of principle for wireless power transfer, the WPT technology generally can be divided into three types， such as inductively power transfer (IPT) based on the principle of electromagnetic induction [7] [8] [9] , capacitive power transfer (CPT) based on the principle of capacitive wireless electric power transmission [10] [11] , coupled magnetic resonances power transfer (CMRPT) based on the principle of electromagnetic coupling resonance energy transfer technology [12] [13] . After years of research, the IPT technology has got considerable achievements; and due to the CMRPT technology can realize high power wireless transmission beyond a few meters or even tens of meters, it has currently received many attention; while for the capacitive coupled wireless power transfer technology, analysis and research are still in its infancy, the main study is still reflected in the stability and function of the realization, and the study for its power transmission characteristic is not enough.
At present, in some system need to adopt WPT technology, it mostly uses IPT technology, but the IPT system needs a high frequency to generate a magnetic field, typically 10k-10MHz, which will cause a big electromagnetic interference; and the coupling magnetic field which the technology relied on can be easily shielded by some metal conductor with small resistance rate, and larger eddy current losses can also be produced, therefore, the IPT technology based on magnetic coupling applied in a metal environment is greatly limited.
In contrast, there are certain advantages of the electric field coupling; the CPT technology can overcome the disadvantage that the magnetic energy can't transmit in the metal shielding environment. The CPT technology can not only transmit through the metal body, reduce energy loss, but also has good anti-interference ability of the magnetic field. Strong anti-interference makes the device can work in saturated or intense magnetic fields environment, and can reduce energy loss and electromagnetic interference. Therefore, the CPT technology has a number of advantages that IPT technology unparalleled.
From the perspective of power transfer characteristic, the paper has made a comparative analysis between the CPT and the IPT technology in the same environment. Firstly, the paper has got their maximum power transmission capacity and the establishment of conditions; at the same time, the power transmission capacity of the two structures were compared and analyzed; then the power transmission characteristics of the two structures was analyzed in the same application environment; and the wireless power transmission technology selection basis in different environments was given, finally, the mutual inductance of 4 typical IPT systems was optimized for achieving maximum power transfer.
II. INTRODUCTION OF CPT AND IPT SYSTEM
In this section, the principle of CPT and IPT system were introduced firstly, and then, a typical CPT and IPT system topology were introduced, finally, the Coupling mechanism of CPT and IPT system were analyzed.
A: Principle of CPT and IPT System
A typical CPT system and IPT system diagram are shown in Fig. 1 (a) and Fig. 1 (b) below.
In the CPT system, the input voltage AC passes through the inverter and power compensation device, then it works as the primary input voltage of the metal plate, when the secondary side of the two metal plates is close to the primary side and there is a potential difference, alternating primary electric field will produce power on the secondary metal plate, and the power will be supplied to the load.
In the IPT system, the input voltage AC passes through the inverter and power compensation device, then it works as the input voltage of the primary resonance coil, by the magnetic field coupling between two coils, the power will be supplied to the load. 
B. CPT and IPT System Topology Introduction
The typical topologies of CPT system and IPT system are shown in Fig. 2 (a) and Fig. 2 DC power E dc and S 1 ~ S 4 constitute part of high frequency energy inverter, by alternately turn on switches S 1 , S 4 and S 2 , S 3 to achieve both positive and negative energy injection. V p is the equivalent output voltage of the inverter.
By real-time detection of the output voltage through the crossing point to achieve soft-switching inverter circuit, in theory, the inverter circuit switching loss is zero in soft-switching mode.
In the CPT system topology, C s1 ， C s2 are the equivalent capacitance of the two metal panels, L s and capacitor C s1 ，C s2 constitute the resonant composition network, R L is the equivalent load resistance of the system; the system works through the electric field coupling between C s1 and C s2 to achieve wireless power transmission.
In the topology of IPT system, L p and C p constitute the primary resonant network, L s , C s constitute the secondary resonant network, R p is the equivalent series resistance of the primary inductance L p , M is the mutual inductance between L p and L s , R L is the equivalent load resistance of the system, the system works through the magnetic coupling between L p and L s to achieve wireless power transmission.
C. Coupling Mechanism Analysis of CPT and IPT System
The typical coupling structure of CPT system is shown in Fig. 3 . In Fig. 3 , the coupled structure of the CPT system is composed of two iron bodies with radius r and pitch d, the two iron are put in parallel perpendicular to axis O 1 O 2 , like such a coupling structure, the equivalent capacity of C s1 ，C s2 is [10] 
Where, A is the effective coupling area, in this mode, it's the area of the iron, ε0 is the vacuum permittivity, εr is the relative dielectric constant between the two iron rings.
With Fig. 2 (a), the equivalent capacitance C s of the capacitors C s1 ，C s2 connected in series is
Meanwhile, the equivalent series resistance of capacitor C s is [10] 
Where, δ is the dielectric loss, ω is the angular frequency.
The coupling structure of a typical IPT system is shown in Fig. 4 . 
Similarly, the secondary inductance L s is
The coupling coefficient k between the two coil is approximately [14] , ( )
Then, we can see that the coil mutual inductance M is
Where u 0 is the magnetic permeability of air, r is the coil radius; D is the diameter of winding.
III. POWER TRANSMISSION ANALYSIS AND PARAMETER OPTIMIZATION OF CPT AND IPT SYSTEM
Suppose that the voltage source inverter circuit works in the zero-voltage soft-switching mode, then, V p is
A: Power Transmission Analysis and Optimization of CPT System
The equivalent circuit of the CPT system showed in Fig. 2 (a) is shown in Fig. 5 . When the system works in the natural resonant frequency, the system output voltage is
Then the system output power can be obtained as ( )
In the real system, the impedance of the compensation inductor Ls is negligible, and then the output power of the system is approximately ( )
As can be seen from the above equation:
(A) For a particular load resistor R L , the smaller the capacitance equivalent resistance R Cs , the greater the output power of the system, the maximum is
(B) For a particular frequency and coupling institution, when the capacitor equivalent resistance R Cs is constant, Making
When tan
The system maximum power output is 
(C) For a specific system operating frequency and load resistance, the greater the capacitance C s (field area is larger, the smaller the distance), the greater the output power of the system, the maximum is
Then the efficiency of the system is
(18) It is obviously that the lower of the capacitor equivalent series resistance R Cs , the greater the load resistor R L , the higher the efficiency of the system.
B: Power Transmission Analysis and Optimization of IPT System
The equivalent circuit of the IPT system showed in Fig.  2 (b) is shown in Fig. 6 . 
The system was resistive transmission. Then, the system output power is ( )
In the real system, the impedance of compensation inductor L s is negligible, in the following analysis, the R s will not be considered.
Making
The system maximum power output is ( )
The efficiency of the system is ( )
Of which:
It is obviously that the higher the operating frequency of the system, the greater the mutual inductance, the smaller the original secondary resistance, the larger the load resistance RL, the higher the efficiency.
IV. TRANSMISSION POWER COMPARISON AND PRINCIPLE SELECTION OF CPT AND IPT SYSTEM
The above analysis can be concluded as shown in Tab.1. 
In CPT system, coupling body is constant means that C s is constant; in the IPT system, coupling bodies is constant means that M is constant.
From Tab. 1, the following two conclusions can be drawn:
(1) For the CPT and IPT system with coupling body and the frequency f is the same, in the case of the same input voltage, the maximum output power of them are 
The CPT system has higher power transmission capacity than the IPT system; on the other hand, the IPT system has higher power transmission capacity than the CPT system.
(2) For the CPT and IPT systems with same coupling body and the load resistor R L , the maximum output power of them are 2 max
The CPT system has higher power transmission capacity than the IPT system; on the other hand, the IPT system has higher power transmission capacity than the CPT system. However, as can be seen in Tab. 1, to make the CPT system has higher power transmission capacity than the IPT system, in addition to requirements satisfy (27), (29), but also requires maximum power transmission capacity to meet its established limits. But often, because C s is very small, usually in pf level, therefore, to make the CPT system has higher power transmission capacity than the IPT system, we should improve the frequency of CPT system, which in the actual system is more difficult to achieve. Therefore, from the above analysis we can see, the power transfer capacity of the CPT system is much lower than the IPT system, which usually only used for signal transmission, low power transmission, and an environment containing metal shield, the high-power applications Is very restricted.
V. MUTUAL INDUCTANCE OPTIMIZATION FOR IPT SYSTEM
From the above analysis, we can see that the IPT system has higher power transmission capacity than the CPT system. So, usually, the IPT system is widely used in our society.
In this section, in order to optimize the transmission power and efficiency for IPT system, the effects of mutual inductance on the power and efficiency of the IPT system with 4 basic topologies were analyzed.
The 4 basic topologies labeled as SS, SP, PP, and PS for IPT systems are shown in Fig. 7 . Where, the first S or P presents for series or parallel compensation of the primary circuit, the second S or P presents for series or parallel compensation of the secondary circuit.
Take SS topology IPT system as an example, the power transfer capability of IPT system was analyzed using an identical method, and the other topologies can be analyzed in the same method.
Because that the resonant angle frequency of IPT system is very high. In the real system, the impedance of compensation inductor L s is negligible, in the following analysis, the R s will not be considered.
From (19)~(22), we can see that, in order to realize maximum power transfer for IPT system, the compensation capacity C p and mutual inductance M exists an optimized value.
With the same method used as (19)~(22), the compensation capacity C p and mutual inductance M of the 4 basic topologies are shown in Tab. 2. 
From Tab. 2, we can see that in order to realize maximum power transfer for IPT system, the compensation capacity C p and mutual inductance M exists an optimized value.
As the mutual inductance M satisfies
So, the value of mutual inductance M exists an upper limit, if the optimized value calculated from theory analysis exceeds the upper limit, the optimized value is not exist.
VI. PARAMETER OPTIMIZATION EXPERIMENT OF CPT AND IPT SYSTEM
A. Power Transmission Experiment of CPT and IPT System The actual CPT and IPT system structures shown in Fig. 2 are established for parameter optimization and simulation.
(A) For the CPT and IPT system with coupling body and the frequency f is the same, in the case of the same input voltage, set the CPT system and the IPT system parameters shown in Tab.3. According to the theoretical analysis and simulation, the curve of the output power and efficiency varying with the load resistor R L of CPT and IPT system can be shown in Fig. 8 . According to the theoretical analysis and simulation, the curve of the output power and efficiency varying with f of CPT and IPT system are shown in Fig. 9 . Fig. 8 and Fig. 9 show that the results of theoretical analysis and simulation are basically the same, in the same working environment: the IPT system has higher power transmission capacity and efficiency than the CPT system.
In order to improve the power transmission capacity and efficiency of the CPT system, the system frequency should be improved, in order to achieve a few watts of power transmission, the system operating frequency usually require up to tensof megabytes or even hundreds of megabytes Hz, which is difficult to achieve in the actual application system. But in the environment containing metal shield, the power transmission capacity and efficiency of the IPT system will be seriously limited, while the power transmission capacity and efficiency of the CPT system will be improved. Therefore, the CPT system is generally used only for signal transmission, low power transmission, and an environment containing metal shield, the high-power applications is very restricted.
B. Mutual Inductance Optimization Experiment for IPT
System In order to verify the correctly of mutual inductance optimization, the parameters of IPT system are designed as in Tab.. 5 From(30), we can see that the value range of mutual inductance is (0 ， 80uH). According to the theory analysis, the curves of output power of IPT system with the 4 topologies varying with mutual inductance are shown in Fig.10 . From Fig.10 , we can see that, for SS and SP topology IPT system, when the mutual inductance is 10uH, the system receive the maximum output power, while for PS and PP topology IPT system, within the system can achieve the maximum coupling coefficient range, the system's output power increases with the mutual inductance, the optimized mutual inductance values from theoretical analysis failed to achieve in the experiment. Experiments verify the theoretical analysis is correct.
VII. CONCLUSION
From the perspective of power transfer characteristic, the paper has made a comparative analysis between CPT and IPT technology in the same environment. Firstly, the paper has obtained their maximum power transmission capacity and the establishment of conditions; at the same time, the power transmission capacity of the two structures were compared and analyzed; then the characteristics of two structures through the same application environment was analyzed; and the different environments under the principle of contactless power transfer system selection basis was given.
